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Experimental 

Crystal data 

C 3 6H 57 N 4 + -N0 3 - 
M, = 607.87 
Monoclinic, Kj/n 
a = 10.7882 (1) A 
b = 16.2785 (1) A 
c = 19.0962 (1) A 
P = 98.2461 (6)° 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T m ,„ = 0.839, r m „ = 0.942 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.120 
S = 1.06 
6689 reflections 
409 parameters 
3 restraints 



0.039 



V = 3318.92 (4) A 3 
Z = 4 

Cu Ka radiation 
li = 0.61 mm~' 
T = 100 K 

0.30 x 0.20 x 0.10 mm 



24730 measured reflections 
6689 independent reflections 
6289 reflections with / > 2o(I) 
R iM = 0.040 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.31 e A~ 3 

APmi,, = -0-25 e A~ 3 



One of the tertiary amine atoms has been protonated in the 
title salt, C 36 H 57 N4 + -N03~. The four N atoms of the 
macrocycle are almost coplanar (r.m.s. deviation = 
0.0053 A), a result correlated with the formation of intra- 
molecular N— H- ■ -N and N— H- ■ -(N,N) hydrogen bonds. 
With respect to this plane, the benzyl groups lie to either side; 
a similar arrangement pertains for the cyclohexyl rings (each 
with a chair conformation). Helical supramolecular chains are 
evident in the crystal, whereby alternating cations and anions 
are linked by C— H- ■ O interactions. The chains are 
consolidated into supramolecular arrays in the ab plane via 
C— H- • -7T contacts involving both benzene rings. 

Related literature 

For the synthesis of the precursor macrocycle, see: Lim et at 
(2006); For related structures, see: Choi et at (2006, 2010a,£>). 




t Additional correspondence author, e-mail: jhchoi@andong.ac.kr. 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl and Cgl are the centroids of the C2-C7 and C20-C25 benzene rings, 
respectively. 



D-H-A 


D—H 


n-A 


D-A 


D-H-A 


N1-H1---N2 


0.90 (1) 


2.32 (1) 


2.7400 (11) 


108 (1) 


N1-H1---N4 


0.90 (1) 


2.12 (1) 


2.8156 (11) 


134 (1) 


N2-H2- ■ -N3 


0.88 (1) 


2.19 (1) 


2.9293 (11) 


142 (1) 


N4-H4- ■ -N3 


0.88 (1) 


2.33 (1) 


2.7992 (11) 


113 (1) 


Cl-Hla-Ol 


0.99 


2.36 


3.2096 (13) 


143 


C9-H9a- ■ 03' 


0.99 


2.40 


3.3620 (12) 


165 


C34-H34a- ■ 03' 


0.99 


2.50 


3.3876 (13) 


150 


C8-H8a- ■ Cg3 a 


0.99 


2.53 


3.4008 (11) 


146 


C26-H26b- ■ Cgl" 1 


0.99 


2.71 


3.5899 (11) 


149 


Symmetry codes: (i) 
-x + l,y + \, -z+|. 


-x + 1, y 


f|,-z + i; 


(ii) -x + \,y-\, 


-z + 1; (Hi) 



Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 

We thank Andong National University and the University 
of Malaya for supporting this study. MAS thanks the National 
Research Foundation of Korea for a postdoctoral fellowship 
grant. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6328). 
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2,13-Dibenzyl-5,16-diethyl-2,6,13,l'7-tetraazatricyclo[16.4.0.0 ' ]docosan-2-ium nitrate 
J.-H. Choi, M. A. Subhan, S. W. Ng and E. R. T. Tiekink 

Comment 

The title salt, (I), was isolated unexpectedly during the course of studies of partially iV-substituted tetraazamacrocycles of 
interest owing to their various applications (Choi et al, 2006; Choi et al, 2010a; Choi, et al, 20106). As seen in Fig. 1, 
one of the tertiary amine-N atoms, i.e. Nl, has been protonated with the charge balance provided by the nitrate anion. The 
four nitrogen atoms lie in a plane with a r.m.s. deviation = 0.0053 A; the maximum deviation from the least-squares plane 
is 0.0055 (4) A for atom Nl. This observation is readily explained in terms of the intramolecular N — H-N hydrogen bonds 
with the Nl — HI atom being bifurcated, Table 1 and Fig. 2. With reference to this plane, the benzyl groups lie to either 
side and are twisted with respect to the N4 plane as seen in the values of the dihedral angles of 63.62 (3) and 66.25 (3) ° 
formed with rings (C2 — C7) and (C20 — C25), respectively. Similarly, the cyclohexyl rings, each with a chair conformation, 
lie to either side of the N4 plane. 

The anion is associated with the cation via C — HO contacts, Table 1, so that the nitrate-Ol forms a contact with a 
benzyl-methylene-H, and the nitrate-03 atom bridges a methylene-H derived from a cyclohexyl ring and a methylene-H 
from the macrocyclic framework. The result is the formation of a helical supramolecular chain along the ft-axis, Fig. 2. 
Chains are consolidated into layers in the aft-plane via C — H--7I interactions involving benzene rings, Table 1 and Fig. 3. 

Experimental 

1 18 7 12 

The macrocycle, 5,16-diethyl-2,6,13,17-tetraazatricyclo[14.4.0 ' .0 ' Jdocosane, was prepared according to a published 
procedure (Lim et al, 2006). To a solution of this macrocycle (0.61 g, 2.0 mmol) in methanol (10 ml) was added benzyl 
bromide (0.68 g, 4.0 mmol) and a solution containing sodium carbonate (0.42 g, 4.0 mmol) in water (5 ml). The mixture was 
refluxed for 24 h. The solution was cooled, the white solid collected and washed with water. The title di-benzyl substituted 
macrocyclic nitrate was the unexpected colourless by-product that was obtained when copper nitrate trihydrate (0.06 g, 
0.25 mmol) and the dibenzyl-substituted macrocycle (0.16 g, 0.29 mmol) was reacted in THF (10 ml). The compound was 
recrystallized from acetonitrile-water (1:1) in the form of colourless prisms. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C — H 0.95 to 0.98 A, (7i S0 (H) 1.2 to 1.5(7 e q(C)] and were 
included in the refinement in the riding model approximation. The amino H-atoms were located in a difference Fourier map, 
and were refined with a distance restraint of N-H 0.88±0.01 A; their U l&0 values were refined. 
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Fig. 1. Molecular structures of the ions in (I) showing displacement ellipsoids at the 50% 
probability level. 
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Fig. 2. Helical supramolecular chain aligned along the Z?-axis in (I) mediated by C — H— O in- 
teractions shown as orange dashed lines. Intramolecular N — H - N hydrogen bonds are shown 
as blue dashed lines. 



■ 
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Fig. 3. A view of the crystal packing of (I) in projection down the a-axis. The C — HO and 
C — H—7I interactions shown as orange and purple dashed lines, respectively. 



2,13-Dibenzyl-5,16-diethyl-2,6,13,17-tetraazatriq'clo[16.4.0.0 7 ' 12 ]docosan-2- ium nitrate 



Crystal data 




C 36 H 57 N 4 + -N(V 


^(000) = 1328 


M,-= 607.87 


D x = 1.217 MgnT 3 


Monoclinic, P2\ln 


Cu A"a radiation, X= 1.54184 A 


Hall symbol: -P 2yn 


Cell parameters from 15422 reflections 


a = 10.7882 (1) A 


6 = 2.7-74.2° 


b= 16.2785 (1) A 


|i = 0.61 mm 1 


c= 19.0962 (1) A 


T= 100 K 


(3 = 98.2461 (6)° 


Prism, colorless 


V= 3318.92 (4) A 3 


0.30 x 0.20 x 0.10 mm 


Z=4 





Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas detector 
Radiation source: SuperNova (Cu) X-ray Source 
Mirror 



6689 independent reflections 
6289 reflections with / > 2a(I) 
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Detector resolution: 10.4041 pixels mm" 1 9max = 74.4°, 0 min = 3.6° 

co scans h = — 13— >13 
Absorption correction: multi-scan _ 
(CrysAlis PRO; Agilent, 2010) 2U^2U 

T min = 0.839, T max = 0.942 / = -23^23 
24730 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(i^)] = 0.039 

wR(F 2 ) = 0.120 

S= 1.06 

6689 reflections 
409 parameters 
3 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = l/[o 2 (F„ 2 ) + (0.0639P) 2 
where P = (F D 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap m ax = 0.31 eA~ 3 
Ap m i„ = -0.25 e A~ 3 



0.9655P] 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Ui so */U e q 


01 


0.50228 (8) 


0.10547 (5) 


0.24392 (5) 


0.0332 (2) 


02 


0.56328 (8) 


-0.01583 (6) 


0.28070 (5) 


0.0327 (2) 


03 


0.39115 (8) 


-0.00135 (5) 


0.20754 (4) 


0.02779 (19) 


Nl 


0.43505 (7) 


0.37105 (5) 


0.22433 (4) 


0.01185 (17) 


N2 


0.57885 (7) 


0.45766 (5) 


0.32911 (4) 


0.01289 (18) 


N3 


0.56192 (7) 


0.62777 (5) 


0.27861 (4) 


0.01193 (17) 


N4 


0.41868 (7) 


0.53381 (5) 


0.17396 (4) 


0.01209 (17) 


N5 


0.48585 (8) 


0.02911 (6) 


0.24405 (5) 


0.0209 (2) 


CI 


0.52521 (9) 


0.30042 (6) 


0.22417 (5) 


0.0158(2) 


H1A 


0.4785 


0.2479 


0.2221 


0.019* 


H1B 


0.5853 


0.3011 


0.2685 


0.019* 


C2 


0.59572 (9) 


0.30616 (6) 


0.16165 (5) 


0.0148 (2) 


C3 


0.69049 (9) 


0.36427 (6) 


0.16127 (5) 


0.0176 (2) 


H3A 


0.7107 


0.4000 


0.2006 


0.021* 


C4 


0.75561 (10) 


0.37032 (7) 


0.10379 (6) 


0.0207 (2) 


H4A 


0.8200 


0.4101 


0.1037 


0.025* 
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0.35099 (10) 


0.35262 (7) 


0.44074 (5) 


0.0196 (2) 
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0.0123 (2) 
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0.3345 


0.4333 


0.2903 


0.015* 




HI 


0.4755 (12) 


0.4183 (6) 


0.2191 (7) 


0.030 (4)* 




H2 


0.5374 (12) 


0.5033 (6) 


0.3183 (7) 


0.029 (4)* 




H4 


0.4029 (12) 


0.5486 (8) 


0.2162 (5) 


0.023 (3)* 




Atomic displacement parameters (A ) 










U u 


U 22 


t/ 33 U 12 


t/ 13 


U 2i 


Ol 


0.0302 (4) 


0.0194(4) 


0.0498 (5) -0.0036 (3) 


0.0049 (4) 


0.0009 (4) 


02 


0.0298 (5) 


0.0338 (5) 


0.0338 (5) 0.0102 (4) 


0.0020 (4) 


0.0097 (4) 


03 


0.0268 (4) 


0.0291 (4) 


0.0266 (4) -0.0065 (3) 


0.0007 (3) 


-0.0020 (3) 


Nl 


0.0122 (4) 


0.0118 (4) 


0.0116 (4) 0.0002 (3) 


0.0018 (3) 


-0.0005 (3) 


N2 


0.0117(4) 


0.0136(4) 


0.0129 (4) -0.0015 (3) 
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N3 


0.0116(4) 


0.0130(4) 
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N4 


0.0119(4) 


0.0143 (4) 


0.0099 (4) -0.0016 (3) 


0.0010(3) 


0.0004 (3) 


N5 


0.0194 (4) 


0.0223 (5) 


0.0225 (4) 0.0007 (3) 


0.0078 (3) 


0.0010(3) 
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Geometric parameters (A, °) 



Ol— N5 
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1 13.43 {/) 


p-> /: -ktq pin 

CZO — JN3 — Clo 


113. uy (/) 


pi i XT yi pin 

C 1 3 — JN 4 — C 1 U 


| 17 AC p"7\ 

1 1 /.Uj ( /) 


CI 3 — JN4 — H4 


1 A£ Q /'Q\ 

luo.y (y ) 


pin XT /I TJ A 

C1U — JN4 — H4 


1 AO A /A\ 

lUo.y (y) 


piO "\TC PI 

<JZ — JN j — <J3 


1 1 A /I /C P. A\ 

1ZU.40 (1U) 


p~) XTC P 1 

Uz — JN j — (J 1 


1 1 A AA /Tl\ 

ny.yu (y) 


p.-} XJC P 1 

U3 — JN j — V 1 


1 1 A C A (C\\ 

liy.o4 \y) 


XT 1 PI P^> 

JN 1 — CI — Cz 


nnn (o\ 

110.71 (6) 


XT 1 P 1 III A 

JN 1 — CI — H1A 


1 aa £ 

iuy.5 


PO P 1 III A 

CZ — C 1 — H 1 A 


1 AA £ 

iuy.5 


\T 1 pi TT1D 

JN 1 — CI — Hlr> 


1 no c 

iuy.5 


p-> pi TJ1 D 

Cz — C 1 — rl 1 d 


1 aa c 

iuy.5 


IT 1 A pi IJ1D 

HI A — CI — Hlr> 


1 AO 1 

1U6.1 


pi p-> p-7 

C3 — Cz — C / 


1 1 c\ An few 

ny.4/ (y) 


pi p-> pi 
C3 — CZ — C 1 


1 1A AA (Q\ 

12U.UU (y) 


P*7 PI p 1 

C7 — Cz — CI 


nn r i /nl 
120.53 (y) 


P/l pQ P~V 

C4 — C3 — Cz 


1 1A A c /n\ 

12U.45 (y) 


P/1 pQ I I 1 A 

C4 — C 3 — rl 3 A 


1 1 Q Q 

iiy.s 


PO pQ TJI A 

Cz — C3 — H 3 A 


lino 

iiy.s 


PI p A pC 

C3 — C4 — CD 


1 1 n /;i /1 n\ 
liy.Oi (1U) 


PI p /] I I 1 A 

C3 — C4 — H4A 


1ZU.Z 


PC p /] I I 1 A 

CD — C4 — H4A 


1ZU.Z 


p/: pc p /] 

Co — Cj — C4 


n/i in /n\ 
12U.2U (y) 


p /: pc rrc 
Co — Cj — Hj 


1 1 n n 

ny.y 


P/i pc rrc 
C4 — Cj — Hj 


1 1 n n 

ny.y 


pc p /; p-7 

Cj — Co — C / 


1 i/i 1 c / 1 A\ 

12U.15 (1U) 


pc p/c t_t^ 
Cj — Co — Ho 


1 1 n n 

ny.y 


p-7 p/" TJ/' 

C / — Co — Ho 


1 1 n n 

ny.y 


P/" p-7 p-> 

Co — C / — Cz 


1 i/i 1(1/1 A\ 

12U.1U (1U) 


p/: p-7 ii -7 

Co — C / — H / 


1 1/1 A 

12U.U 


p-> p-7 Tin 

Cz — C / — H / 


1 1/1 A 

12U.U 


XT1 p O Pfl 

JN 1 — Co — CV 


11/1 CO /o\ 

114.36 (6) 


XTI PQ TTO A 

JN 1 — Co — noA 


1 ao /; 


pn PO TTO A 

CV — C o — H oA 


1 ao /: 
1U6.0 


XT1 p o lion 

JN 1 — Co — Hor> 


1 ao /; 


pn po nun 
Cy — C o — H o B 


1 ao /; 


rro a p o ii y n 
H o A — C o — H o r> 


1 A"7 /: 

10 /.D 


po pn pm 
Co — Cy — C 1 U 


11/1/1/1 /o\ 

1 14.44 (5) 


po pn i in a 
Co — CV — HvA 


1 AO "7 
1U5. / 


p i f\ pn un a 

L 1 0 — C9 — H9 A 


108.7 


C8 — C9 — H9B 


108.7 


CIO— C9— H9B 


108.7 


H9A — C9 — H9B 


107.6 


N4— CIO— Cll 


113.13 (8) 


N4— CIO— C9 


108.99 (7) 



/^1"7 no uio 
C 1 / — C 1 5 — ti 1 6 


1 a/; i 
IUO.3 


no uio 
C 1 3 — C 1 5 — ti 1 6 


1 a/: i 
1U0.3 


\n nn n/i 
JN 3 — C 1 y — C2U 


1 1 A OA ZO\ 

11U.6U (5) 


\T1 pin TT1QA 

JN3 — ciy — HiyA 


1 AO C 

luy.j 


nn n/i mnA 

C2U — c i y — rl i y A 


1 An c 


mi nn Tjinrj 

JN3 — ciy — myts 


1 AA C 

luy.j 


pin n.Q uiqd 

C2u — c i y — h i y ti 


1 AO C 

luy.j 


tt 1 n a n n m no 

h i yA — c i y — h i yhs 


1 AO 1 

1U6.1 


pn nin nc 
C2 1 — C2U — C25 


1 1 o c~7 /n\ 

116.3 / (y) 


n-i n/i /~iin 

C2 1 — C2U — c i y 


1 ia m /n\ 
12U.y3 (y) 


n-c pin pin 

C25 — C20 — c i y 


1 in c i /n\ 

120.51 (y) 


pn n-i n/i 

L-22 — C2 1 — C2U 


1 in c/; / 1 a\ 
12U.50 (1U) 


/"in ni tji 1 
L-22 — L2 1 — 112 1 


1 1 n "7 

uy./ 


n-/i /in tji 1 
C2U — C2 1 — H2 1 


1 1 n "7 

ny./ 


pn pn pn 
C23 — C22 — C2 1 


1 in i/; /n\ 
12U.20 (y) 


pn pn un 
L23 — C22 — H22 


1 1 n n 

ny.y 


pn pn un 
C2 1 — C22 — H22 


1 1 n n 

ny.y 


pn pn pi/i 
L-22 — L23 — L24 


i in oi /n\ 

iiy.s3 (y) 


pn pn un 
L22 — L23 — H23 


1 7A 1 

12U.1 


pi/i pn un 
L24 — L23 — H23 


1 1A 1 

12U.1 


pic pi/i pn 
L25 — L24 — L23 


1 1 n /; o /1 n\ 

ny.06 (iu) 


PIC PI/1 TJ1/1 

L25 — L24 — H24 


1 1A 1 

12U.2 


pn pi/i TJ1-1 
L23 — L24 — H24 


1 in i 
12U.2 


PI/1 PIC P1A 

L24 — L25 — L2U 


in ii /n\ 
121.11 (y) 


pi/i pic uric 
L24 — L25 — H25 


i i n a 

ny.4 


P1A PIC T Ti c 

L20 — L25 — H25 


1 1 n a 

ny.4 


\ti pi/; pi"7 
JN3 — L2o — L2 / 


1 1 / ir /o\ 
110.35 (5) 


\ti pi/; tji/; a 
JN3 — L2o — H2oA 


1 AO 1 

1U6.2 


pn pi/; tji/; a 
L2 / — L2o — H2oA 


1 AO 1 

1U6.2 


\n pi/; tji/;t> 
JN3 — L2o — H2ol3 


1 AO 1 

1U6.2 


pn pi/ tji/;t> 
L2 / — L2o — H2ol3 


1 AO 1 

1U5.2 


tji/; a pi/; tji/;t3 
H2 OA — L2 0 — H2 od 


1 A1 A 
10/. 4 


pi/; pn pio 
L2o — L2 / — L2S 


1 1 c m /o\ 
115.y3 (6) 


pi/: pn Tjn a 
L2d — L2 / — H2 / A 


1 AO 1 

1U6.3 


pio pn Tjn a 
L25 — L2 / — H2 / A 


1 AO 1 

1US.3 


P1/; pn TjnD 
L2o — L2 / — H2 Id 


1 AO 1 

1U6.3 


pio pn Tjnr> 
L25 — L2 / — H2 ID 


1 AO 1 

1U6.3 


TJ1"7 A PT7 TJ1"7T3 

H2 /A — L2 / — H2 /rs 


1 A"7 A 
10/. 4 


xn pio pin 
JN2 — L25 — L2y 


1 1 A 1 "7 ZO\ 
11U.1 / (5) 


Ml PIO PI "7 

IN 2 — L26 — L2 / 


1 AO "71 /"7\ 
1U6./3 (/) 


pin pio pn 
L2y — L2s — L2 / 


1 1 a cn /o\ 

nu.sy (5) 


Ml PIO TJIO 

JN2 — L25 — HZ a 


1 AA 1 

luy.i 


pin pio Tjio 
L2y — L25 — H25 


1 AA 1 

iuy.1 


C27— C28— H28 


109.1 


C30— C29— C28 


114.03 (9) 


C30— C29— H29A 


108.7 


C28— C29— H29A 


108.7 


C30— C29— H29B 


108.7 


C28— C29— H29B 


108.7 
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pi i pin pn 
CI 1 — C1U — cv 


1 ift nl / o\ 

nu.yi (a) 


xt/1 tti r\ 
IN 4 — C 1 U — H 1 U 


107.9 


ni i pin 1 1 1 n 
CI 1 — C1U — H1U 


1 n~7 n 
1U /.V 


pn pin it i n 
CV — C 1 U — hi 1 U 


1 n~7 n 


p 1 r\ P11 pin 

CI 2 — CI 1 — C1U 


11/111 /n\ 
114.31 (9) 


P O p 1 1 TT11A 

ClZ — CI 1 — HI 1A 


1 AO "7 


pin P11 TT11A 

C1U — CI 1 — rll 1A 


1 no "7 
1US. / 


nn pi i iii id 
ClZ — CI 1 — rll IB 


1 no "7 


Pin P11 iii id 
C1U — CI 1 — HI IB 


1 no "7 


TTI | A P11 TTI ID 

HI 1A — CI 1 — HI IB 


1 n"7 /; 
1U /.D 


PI i pit un A 
CI 1 — ClZ — H1ZA 


1 nn c 

iuy.5 


PI 1 pn TTI ~> D 

CI 1 — ClZ — H1ZB 


1 nn c 

iuy.5 


un a pn 1 1 1 -> d 
H1ZA — ClZ — H1ZB 


1 nn £ 

iuy.5 


pi i pn it i tp 
CI 1 — ClZ — H1ZC 


1 nn £ 


un a pn iiiip 
H1ZA — ClZ — H1ZC 


1 nn £ 


t t i ~> o pn ii i "> p 

H 1 ZB — C 1 Z — H 1 ZC 


1 nn c 

iuy.5 


XT /I PI 1 pi /| 

IN 4 — C13 — C14 


111 i n / o\ 

111.39 (6) 


XT /I PI 1 p i o 

IN 4 — CI 3 — Clo 


1 n~7 n 1 / "7\ 

iu /.y 1 ( /) 


pi 1 p| 1 P 1 Q 

C 1 4 — C 1 3 — C 1 o 


1 nn c/: / o\ 
lUy.30 (5) 


XT /I PI 1 III") 

IN 4 — C13 — 1113 


1 nn i 

iuy.3 


p 1 /i pi i ui i 
C14 — C13 — 1113 


1 nn i 

iuy.3 


p|0 P 1 T TT10 

Clo — C13 — 1113 


1 nn i 

iuy.3 


p 1 T pi /I pi C 

C 1 3 — C 1 4 — C 1 D 


111 / o\ 

111.35 (6) 


PI I pi /| TTI /l A 

CI 3 — C14 — H14A 


1 nn a 

iuy.4 


PI r pi /| TJI/I A 

C 1 J — C 1 4 — H 1 4 A 


1 nn /t 

iuy.4 


PI 1 pi /| I I l | D 

CI 3 — C14 — H14B 


1 nn /t 

iuy.4 


PI f pi /| I I l ,| D 

CI j — C14 — H14B 


1 nn /i 

iuy.4 


U1 /I A p| /| I I l ,| D 

H 1 4 A — C 1 4 — H 1 4B 


1 no n 
1U5.U 


pi /■ pi r pi /i 
Clo — CI j — C14 


111 cc 

111.55 (6) 


pi / p| r UK A 

C 1 o — C 1 j — H 1 j A 


1 nn i 

iuy.3 


p| I p| f TJKA 

C 1 4 — C 1 j — H 1 j A 


1 nn i 

iuy.3 


P 1 /: p| f n 1 C D 

Clo — CI j — HI jB 


1 nn i 

iuy.3 


PI | p| f TT1 CD 

C14 — CI j — HI jB 


1 nn i 

iuy.3 


TT1CA P1 C III CD 

H 1 j A — C 1 J — H 1 jB 


1 no n 
1U6.U 


pk p 1 /: pn 
CI j — Clo — CI / 


1 1 n m / o\ 
1 lU.yi (5) 


PIC p 1 £ TTI/: A 

C 1 J — C 1 0 — H 1 OA 


1 nn £ 

iuy.5 


pn p i ui/; a 
CI / — Clo — H10A 


1 nn c 

iuy.5 


V 1 J V 1 u — 1 1 1 UD 


mo S 


C17 — C16 — H16B 


109.5 


H16A — C16 — H16B 


108.0 


C16 — C17 — C18 


110.15 (8) 


C16 — C17 — H17A 


109.6 


C18 — C17 — H17A 


109.6 


pn XT 1 P1 P T 

C8 — N 1 — C 1 — C2 


zz/c 1 1 / 1 n^ 

66.13 (10) 


C36— Nl— CI— C2 


-164.73 (8) 


Nl— CI— C2— C3 


74.22 (11) 


Nl— CI— C2— C7 


-105.98 (10) 


C7— C2— C3— C4 


0.50(15) 


CI— C2— C3— C4 


-179.69 (9) 



inn a pin tttod 

HzvA — Czy — Hz9B 


107.6 


pin Pin TTTA A 

C29 — C30 — H30A 


1 nn c 

109.5 


C29 — C30 — H30B 


1 nn c 

109.5 


inn a n/i iTinn 

H30A — C30 — H30B 


1 nn c 

109.5 


Pin pin innp 

Czy — C3U — H3UC 


1 nn c 

109.5 


TTTPiA PTPi T TT PiP 

H30A — C30 — H30C 


109.5 


innn p t n tttap 

H30B — C30 — H3UC 


1 nn c 

109.5 


XTO PT 1 PT £ 

N2 — C31 — C3o 


1 n"7 /cn / "7~i 

107.60 (7) 


XTT PT 1 PT T 

NZ — C3 1 — C32 


1 1 /; a i / o~i 
116.4/ (8) 


p "\ r pi i PTT 

C36 — C3 1 — C32 


in~7 OT / 0"l 

107.83 (8) 


\ti /-ii 1 in i 

N2 — C31 — H31 


1 no t 

108.2 


PTZI pti in i 

C3o — C3 1 — H3 1 


108.2 


pii pi 1 in 1 
C32 — C3 1 — H3 1 


108.2 


pn pti p ~y 1 

C33 — C32 — C3 1 


1 1 n n 1 / o"i 

110.91 (8) 


pi i pn 1 1 1 1 a 
C33 — C3Z — H3ZA 


1 nn £ 

iuy.5 


pti pn mi » 
C31 — C32 — H32A 


109.5 


PTI pti r nin 

C33 — C32 — H32B 


1 nn c 

109.5 


/ill /"^n min 

C31 — C3z — H3/B 


1 nn c 

109.5 


H3/A — C3z — H3/B 


1 no n 

108.0 


/—ii /t /—in /in 

C34 — C33 — C32 


111 CI /0\ 

111.53 (8) 


C34 — C33 — H33A 


1 nn i 

iuy.3 


/—in /—in Tin a 

C32 — C33 — H33A 


1 nn i 

ioy.3 


/—it a /—in imr> 

C34 — C33 — H33B 


1 nn i 

ioy.3 


PTI pn TTTTD 

C32 — C33 — H33B 


1 nn t 

ioy.3 


im * pn imn 

H3 3 A — C3 3 — H3 3B 


108.0 


pn pi A PTC 

C33 — C34 — C35 


111 A C /OA 

111.45 (8) 


PIT PT /I TTT/1 A 

C33 — C34 — H34A 


109.3 


PIC PT /I TTT/1 A 

C3d — C34 — H34A 


109.3 


pn pn A T TT /I TT 

C33 — C34 — H34B 


109.3 


/rif /—ii /] TT1/1T5 

C35 — C34 — H34B 


1 nn t 

109.3 


TTT /I A PT /I TTT ,1 D 

H34A — C34 — H34B 


108.0 


/-•")/- PTC PT /I 

C3o — C35 — C34 


1 nn nn / o~i 

109.00 (8) 


PT/C PTC T TT C A 

C3o — C35 — H35A 


1 nn n 

109.9 


PT A PTC TTTCA 

C34 — C35 — H35A 


1 nn n 

109.9 


p ") PTC TTT CD 

C36 — C35 — H35B 


1 nn n 

109.9 


PT /I PTC TTTCTT 

C34 — C35 — H35B 


109.9 


TTTCA PTC TTTCTT 

H35A — C35 — H35B 


1 no i 

108.3 


IN 1 LjD LjJ 


1 13.ZO J 


Nl C36 C31 


110.70 (7) 


C35 — C36 — C31 


112 06 (8) 


Nl C36 H36 


106.8 


C35 — C36 — H36 


106.8 


C31 — C36 — H36 


106.8 


C26 — N 3 — C 1 9 — C20 


-70.03 (9) 


CI 8— N3— CI 9— C20 


163.57 (8) 


N3— CI 9— C20— C21 


111.49 (10) 


N3— CI 9— C20— C25 


-68.03 (11) 


C25— C20— C2 1 — C22 


0.13 (15) 


CI 9— C20— C21— C22 


-179.40(9) 
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f ' -) pi p a pc 

C2 — C3 — C4 — CD 


A K /1 C\ 

-0.1D (ID) 


pin pn ptt ni 
C20 — Cz 1 — C22 — C23 


n in P1 c\ 
0.30 (ID) 


pi p/i pc p/: 
C3 — C4 CD — Co 


n T a P1 /:\ 
— 0.24 (lo) 


pn pii pn pii 
Cz 1 — Czz — C23 — C24 


n a i / 1 c\ 
—0.43 (ID) 


p/i pc p/: p"7 
C4 — CD — Co — C / 


n on Pi /:\ 
U./y (10) 


PTT PT1 PI/1 PTC 

Czz — C23 — C24 — CzD 


n i t pi c\ 
0.12 (ID) 


pc p/; p"7 pt 
CD — CO — C / — C2 


n nc pi c\ 
U.UD (ID) 


pii pii ptc nn 
C23 — C24 — CzD — CzU 


n it /1 c\ 
U.32 (ID) 


pi pt p"7 p/: 
C3 — C2 — C / — Co 


n /ic pi c\ 
— U.4D (ID) 


pn pin pic pi/i 
Cz 1 — CzO — CzD — C24 


n A A PI c\ 

-0.44 (ID) 


pi pt p"7 p/: 
C 1 — Cz — C / — Co 


1 "7 n "7/1 pn\ 

i /y. /4 (y) 


pin pin pic pii 
C 1 y — CzO — CzD — Cz4 


1 "7n nn pn\ 

i /y.oy (y) 


pi mi po pq 
CI — JN 1 — Co — CV 


Hf in po\ 
— 1 /D.1U (0) 


P1Q Ml PT£ PT"7 

Ciy — JN3 — CzO — Cz / 


1 "70 f o~\ 
1 /O.00 (0 ) 


pi/; mi po pq 

C30 — jn i — cs — cy 


c/r n-7 /I m 

DO.U/ (1U) 


piq mi pn 
C 1 0 — JN 3 — CzO — Cz / 


C/1 "71 PI 1 \ 

— D4. /3(H) 


\ri po pn nn 

jn i — cs — cy — c i u 


"7 1 m p i n\ 
/l.y3 (10) 


Ml PT/: PT"7 PTO 

JN3 — CzO — Cz / — Czo 


"71 i n P1 n\ 
-/3.iy (10) 


n i XT/1 pi 1 

C 1 3 — JN <H C 1 U — C 1 1 


£0 /in ^ 1 n\ 
— 0o.4y (1U) 


P1 1 MO PTO PTO 

C31 — JNz — Czo — Czy 


"71 it (\ r\\ 
15.51 (1U) 


n i m/i pin pn 

c i i — jn a — c i o — cy 


1 an /:i po\ 
10 /.03 (o) 


PI 1 MT PIO PT"7 

C31 — JN2 — Czo — Cz / 


i /;c i/i Po\ 
-loD.34 (0) 


pn pn pi(i M/1 

Co — cy — C 1 U — JN 4 


cn cd /1 n\ 

-DO.Dy (10) 


PT/C PT"7 pio »n 

Czo — Cz / — Czo — JNz 


ci nn P1 n\ 
D3.y0 (10) 


pn pn PI/1 P11 

Co — cy — c i u — c 1 1 


1 "7C "7"7 PO\ 

-1 /D. / / (o) 


pi/ PT"7 PTO pin 

Czo — Cz / — Czo — c/y 


1 "7/1 no Po\ 
1 /4.yo (o) 


m /i pin pii pn 
JN4 CIO — CI 1 — C12 


i in ti po\ 
1 / 1 .15 (8) 


mi pto PTn pin 
JN2 — C2o — C2y — C30 


i "7/; co /o\ 
— 1 /6.D8 (o) 


pn pin P11 pn 
cy — CIO — Cll — Clz 


cn nc p i i \ 
-Dy.yD (11) 


pt~7 pto pin pin 
C2 / — C2o — C2y — C30 


/;i 1 n P1 1 \ 
03.iy (11) 


P1A XT A PIT p| 1 

C1U — JN4 CI 3 — C14 


/:"7 o/: p 1 n\ 

-o/.oo (10) 


PTO MT pii pi/; 

C2o — JN2 — C3 1 — C3o 


1 "7c nn Po\ 

—i /D.oy (0) 


pin ~\ja pii pio 
CIO — JN4 CI 3 — CI 8 


1 "7 1 o c P"7\ 
1 /l.OD (/) 


PTO MT PII PIT 

C2o — JN2 — C3 1 — C32 


/:i on P1 1 \ 
03.60 (11) 


XT /I P11 P|1 P1C 

JN4 CI 3 — CI 4 C1D 


1 "7C OT PO\ 

—1 /D.82 (o) 


MT PI 1 PIT Pll 

JN2 — C3 1 — C32 — C33 


1 "70 /:"7 PO\ 

1 /0.0 / (o) 


pi o pii pi/1 n c 
C 1 0 — C 1 3 — C 1 4 — C 1 D 


c/: cn pi n\ 
— DO.DU (1U) 


pi/; P11 PIT Pll 

C30 — C31 — C32 — C33 


c"7 /;o (i t\\ 
D /.0o (1U) 


P 1 1 P|1 P 1 C pu 

CI 3 — C14 — C1D — Clo 


CC P 1 1 \ 

DD. 23 (11) 


PI 1 PIT Pll Pl/1 

C31 — C32 — C33 — C34 


c/; in P1 1\ 
—Do. 30 (11) 


pi i p 1 c pu pn 
C14 — C1D — Clo — CI / 


n /i T\ 
— DD.12 (12) 


PIT Pll Pl/1 PIC 

C32 — C33 — C34 — C3D 


c/i n/i pit\ 
D4.y4 (12) 


pi r pu pn pio 
C1D — Clo — CI / — Clo 


c/: no p 1 1 \ 
Do.yo (11) 


Pll Pl/1 pic pi/ 

C33 — C34 — C3D — C3o 


CC C"7 PI 1\ 

— DD.D /(ll) 


P1Q Ml P10 P1"7 

ciy — JN 3 — Clo — CI / 


/:i qq pi n~\ 

oi. oy (iu) 


pi Ml pi/ PIC 

CI — JN 1 — C30 — C3D 


/r-7 oo (i n\ 
—0 /.oo (1U) 


pi£ MQ PIO P 1 "7 

Czo — JN 3 — C 1 0 — C 1 / 


/: i n/i p 1 n\ 
-0l.y4 (1U) 


PO Ml PI/ PIC 

C8 — JN 1 — C3o — C3D 


cn T"7 pi n\ 
Dy.2/ (10) 


pin mi pio p 1 1 
Ciy — JN3 — Clo — CI 3 


/;c on p 1 n\ 
-OD.20 (1U) 


p| M1 pi/ PI 1 

CI — JN1 — C3o — C31 


c o n"7 P1 n\ 
Do.y/ (10) 


P1£ Ml PIO P 1 1 

Cz 0 — JN 3 — C 1 o — C 1 3 


1 "7n n~7 po\ 

i /o.y / (0) 


PO Ml PI/ PI 1 

C8 — JN 1 — C3o — C3 1 


1 "71 on po\ 
— 1 /3.oy (0) 


pi / pn PIO Ml 

Clo — CI / — Clo — JN3 


1-71 | f) l o\ 

1/3.18 (8) 


Pl/1 PIC Pl/I M1 

C34 — C35 — C36 — JN 1 


1"7/1 Tn POI 

—1 /4.2y (8) 


C16— C17— C18— C13 


-59.12(10) 


C34— C35— C36— C31 


59.58 (10) 


N4— CI 3— CI 8— N3 


-50.19(10) 


N2— C31— C36— Nl 


45.54 (10) 


CI 4— CI 3— CI 8— N3 


-171.62 (8) 


C32— C31— C36— Nl 


171.92 (8) 


N4— CI 3— CI 8— C17 


-179.93 (7) 


N2— C31— C36— C35 


173.06 (7) 


C14— C13— C18— C17 


58.63 (10) 


C32— C31— C36— C35 


-60.55 (10) 



Hydrogen-bond geometry (A, °) 

Cgl and Cg2 are the centroids of the C2-C7 and C20-C25 benzene rings, respectively. 



D—H-A 


D — H 


n-A 


D-A 


D—H-A 


Nl— H1-N2 


0.90 (1) 


2.32 (1) 


2.7400 (11) 


108.(1) 


Nl— H1-N4 


0.90 (1) 


2.12 (1) 


2.8156 (11) 


134.(1) 


N2— H2-N3 


0.88(1) 


2.19(1) 


2.9293 (11) 


142.(1) 


N4— H4-N3 


0.88(1) 


2.33 (1) 


2.7992 (11) 


113.(1) 


CI— Hla-Ol 


0.99 


2.36 


3.2096 (13) 


143 


C9— IBa-CM 1 


0.99 


2.40 


3.3620 (12) 


165 


C34— H34a-03' 


0.99 


2.50 


3.3876 (13) 


150 


C8— H8a-Cg3" 


0.99 


2.53 


3.4008 (11) 


146 


C26— H26b-Cgl m 


0.99 


2.71 


3.5899 (11) 


149 


Symmetry codes: (i) 


-x+V2,y+m, -z+1/2; (ii) -x+1/2, y-l/2, 


-z+1/2; (iii)-x+3/2,j>+l/2, 


-z+1/2. 
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